
September 21, spinal puncture was made. One ounce of
clear fluid under increased pressure was removed; no micro¬
organisms were found.

A diagnosis of tuberculous meningitis secondary to chronic
mastoiditis was made.

Clinical Course.—Two days later, there developed bilateral,
catarrhal conjunctivitis, and parotitis on the left side. The
patient's condition continued to grow worse, and, September
26, he began to have involuntary stools, at first dark brown,
but gradually becoming more red until pure blood was noted.
The patient died, 1 : 20 a. m., September 27.

The clinical diagnosis was tuberculous meningitis, com¬

plicated with intestinal hemorrhage.
Necropsy.—This was performed, September 27. Permis¬

sion was given to open only the abdomen. The heart and
lungs (removed through the diaphragm) were negative. The
abdominal viscera, except the cecum, were negative. The
mucosa of the first 10 inches of the ascending colon showed
nine ulcerated areas, from 1 to 4 cm. in length and from
0.5 to 1.5 cm. in width. They were situated transversely and
extended through the mucous membrane into the muscularis.
The edges were not undermined; the base was a dirty bluish
red; there was no crusting. Nearly all showed signs of recent
hemorrhage. Five lymph glands, the size of a grain of corn,
were noted on the mesenteric border of the ascending colon
near the ileocecal valve. They contained several gramophil
bacilli. The ulcers evidenced nothing microscopically but
round cell infiltration.

The diagnosis was : death due to hemorrhage from tuber¬
culous ulcers of the colon.
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XII. RABIES VACCINE

A. M. STIMSON, M.D.
Surgeon, United States Public Health Service

WASHINGTON, D. C.

Rabies vaccine is prepared in a number of different
ways from the same basic material, the fixed virus of
rabies. It is important to realize that the one funda-
mental and essential step in the preparation of rabies
vaccine has been taken by accomplishing the conversion
of the virus of rabies from the condition in which it is
found in Nature to the state in which it is known as
fixed virus. The subsequent handling apparently is of
less importance since, as far as can be judged, equiva-
lent results may be obtained with vaccines prepared by
various methods of treating the fixed virus.

Fixed virus may be prepared from the virus as found
in Nature (street virus) by serial passage through a

large number of relatively nonresistant animals. The
rabbit is commonly used. Changes in the properties
of the street virus are indicated by a progressively
shortening incubation period of the resultant disease,
by a tendency to produce the paralytic rather than
the violent form of the disease, by a reduction
or loss of infectivity when given subcutaneously
to relatively resistant animals, and by changes in
the appearance of the Negri bodies which are asso¬
ciated with rabies. The virus is spoken of as "fixed"
when these changes have ceased to progress, at
least with sufficient rapidity to be readily observa-

* This is the fourth instalment of a series of articles dealing with
serums, vaccines and nonspecific therapy.

ble. Nominally, this coincides with the period when
the incubation period in rabbits, inoculated intracere-
brally, has been reduced to seven days ; but there is
evidence that further changes at a very slow rate of
progress do continue beyond this period. In practice,
it is the custom for laboratories beginning the produc¬
tion of rabies vaccine to avoid the delay incident to
preparing their own fixed virus from street virus, by
securing a strain of the former from some other

TREATMENT FOR ADULT

Day of Cord, Amount Day of Cord, Amount
Treat- Dried, or Treat- Dried, of
ment Days Cord ment Days Cord

Cm. Cm.
First. 6 1 Twelfth. 8 0.5
Second. 5 1 Tliirteenlh_ 3 0.5
Third. 4 1 Fourteenth... 2 0.5
Fourth. 3 0.5 Fifteenth. 2 0.5
Fifth. 3 0.5 Sixteenth. 4 0.5
Sixth. 2 0.5 Seventeenth... 3 0.5
Seventh. 2 0.5 Eighteenth_ 2 0.5·
Eighth. 1 0.5 Nineteenth_ 3 0.5
Ninth. 5 0.5 Twentieth. 2 0.5
Tenth. 4 0.5 Twenty-first... 1 0.5
Eleventh. 4 0.5

laboratory. In the common parlance of the laboratory,
the term "rabies virus" means not only the micro¬
organism causing the disease, but also the tissue in
which it is contained as well ; and unless otherwise
defined, it would be understood to mean the brain or
spinal cord of a rabid animal.

The further treatment of the fixed virus in order to
prepare the vaccine may proceed according to several
recognized methods, the intent of which is either to
accomplish graduation of the dosage, or to secure a
further attenuation of virulence, to preserve against
rapid deterioration, or merely to provide the material
in a form convenient for use. Of these methods the
most commonly employed are : emulsification of the
virus and graded dilution in salt solution; reduction of
virulence by slow desiccation for definite periods, fol¬
lowed by preservation in glycerin ; removal of diffusible
substances by dialysis ; rapid desiccation in a frozen
condition, and treatment by various chemicals, notably
by phenol. The advocates of each of these methods
can adduce arguments as to the convenience, economy
or suitability for some special purpose of the method
which they employ ; but it is believed that there is no
acceptable evidence to show that any one method is
preeminently more efficacious in conferring immunity
to rabies than others. Some methods have, however,
been subjected to more extensive practical applicationthan others.

Whatever the method employed, the final substance
to be used for injection consists of a liquid suspension
of more or less modified fixed virus ; and this is admin¬
istered in a series of subcutaneous injections, given for
a period of time which may vary according to the
method used, up to a maximum of three weeks. It
has been found possible, and is theoretically advan-
tagious, to modify the schema of injections employed
originally by Pasteur in using the virus attenuated by
slow desiccation. For example, the plan of injections
now employed in the Hygienic Laboratory, U. S.
Public Health Service, eliminates the use of long dried
and presumably inert material, while retaining roughlyPasteur's idea of administering a succession of courses
of injections of increasing virulence. This schema k
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admittedly arbitrary, and is supported more by the
evidence of long usage than by strictly scientific con¬
siderations.

Immunization with rabies vaccine is, of course, of
the active type, and requires considerable time, and is
made possible in its application in practice only by
the fact that the incubation period of rabies is rela¬
tively extremely long. During this period the immu¬
nization must be accomplished. In some instances in
which the exposure has been exceptionally severe, the
incubation period is destined to be too short to permit
the establishment of active immunity, and in these
cases the preventive treatment must fail. In other
cases, moreover, even though the exposure is not
severe beyond the ordinary, the individual seems inca¬
pable of responding to the treatment by developing
immunity. The counterpart of this condition is seen
experimentally in the varying response of rabbits to
injections of rabies vaccine, as manifested by the rabi-
cidal property of their serums. It is generally accepted,
and there is experimental evidence in support of the
belief, that the maximum degree of immunity is not
developed until about two weeks after the completion
of the treatment.

The exact evaluation of the protection afforded by
treatment of persons with rabies vaccine is impossible.
In order to accomplish such a valuation, we should
have to know, on the one hand, what proportion of
persons exposed to infection, and failing to receive
protective inoculations, succumbed to rabies ; and, on
the other hand, the proportion of such deaths among
exposed persons who did receive the inoculations. The
difficulty lies in securing sufficiently large groups in
both the treated and untreated classes in which all the
data necessary for statistical comparison are well
established. Was the biting animal certainly rabid?
Was virus actually introduced into the wound? Were
the injuries in the two groups comparable as regards
severity and location? These and other questions
would require to be answered fully if we were to make
an accurate estimate. The trend of the difference
between the two groups, treated and untreated, is, how¬
ever, sufficiently definite. A much greater proportion
of untreated exposed persons die from rabies than of
the treated, according to the best available figures.
There is a mass of experimental data to show that
rabies vaccine does accomplish a specific immunizing
effect.

The administration of rabies vaccine is not entirely
devoid of danger to the recipient. In a very small
proportion of those receiving, it, a paralytic condition
develops which may fairly be attributed to the treat¬
ment per se, or to a combination of this with a peculiar
susceptibility of the patient. About one fourth of these
cases end fatally, a complete recovery usually occurring
in the remainder. Exposure to cold or chilling,
fatigue, and the use of alcohol apparently predispose
to the development of this condition, but cases are seen
in which none of these factors have been operative.
Other objectionable results of the treatment amount
only to minor discomforts and inconveniences.

Rabies vaccine, prepared by various procedures, is
now available throughout all portions of the United
States to the extent that it may fairly be said that no

exposed person need die of rabies for lack of injec¬
tions. Many state boards of health are prepared

to furnish it free of cost to the indigent, and the cost
of the commercial preparations is not prohibitive
except to the destitute, for whom other provisions
could probably be made in almost every instance.

XIII. PERTUSSIS VACCINE

WILBURT C. DAVISON, M.D.
BALTIMORE

The announcement by Bordet and Cengou in 1906
of their hemoglobinopb.ilic bacillus as the etiologic
agent of pertussis stimulated the search for a prophy¬
lactic and curative vaccine or serum for this disease.
Some authorities still maintain, however, that a filtrable
virus may be the real cause, and the presence of the
Bordet-Gengou bacillus merely a coincidence, and that
Koch's postulates have not been satisfactorily fulfilled.
On the other hand, the Bordet-Gengou bacillus can be
isolated from the sputum in practically all cases, during
the first two weeks of the disease, and complement
fixation for it has been demonstrated in pertussis
patients by several investigators. Others, however, are
unable to confirm this.

Bordet himself had inconclusive results from the
therapeutic use of antiendotoxic serum in whooping-
cough, yet many observers have reported favorable
results for the curative and prophylactic use of per¬
tussis vaccines. Some of these reports have been writ¬
ten by physicians whose clinical judgment is reliable ;
but, unfortunately, many more have been deductions
from insufficient and uncontrolled material that has
been inaccurately analyzed. The more careful studies
show that pertussis vaccine has practically no thera¬
peutic value. In some cases it has been noted that the
number and severity of the paroxysms have been
reduced, but the course and duration of the disease
have been essentially unchanged. Nonspecific therapy,
such as injections of Bacillus influenzae vaccines, the
sterile ether extract of sputum of whooping-cough
patients, sugar solutions, or even a change of air will
bring about quite similar results.

The natural immunity of many children to pertussis
makes accurate conclusions in regard to the value of
prophylactic vaccine exceedingly difficult. Many of
the unvaccinated, when exposed to the disease, fail to
acquire it, while a number of those inoculated succumb.
Many enthusiastic reports have been published, but in
most of these but few unvaccinated controls were
observed.

In a series of experiments that had adequate con¬

trols, negative results were obtained for vaccines used
during the course of the disease, and but doubtful
immunization from prophylactic inoculations.

In summing up the prolific and somewhat contradic¬
tory literature on this subject, it may be concluded that
injections of Bordet-Gengou bacillus vaccines may have
a slight though unreliable prophylactic effect, and that
therapeutic inoculations are of practically no value.
Further experiments are necessary to raise this pro¬
cedure from the limbo of nonspecific therapy.

DOSAGE

The earlier investigators used comparatively small
doses of vaccine ; but if beneficial results are to be
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